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ABSTRACT 

The Late Carboniferous/Early Permian sequence in the Garnie Alps 

(Austria/ltaly) is a more than 2000 m thick succession of shallow marine 

clastic and carbonate sedimentary rocks. The succession unconformably 

overlies the folded Variscan basement and is dividcd into Rombaso 

Formation, Auernig Group, Rattendorf Group and Trogkofe! Group. 

Auernig Group and Rartendorf Group are characfcrizcd by clastic-carbonate 

cycles relatcd to Gondwana glaciocustatic sca levcl changes. Carbonates 

contain abundani fossils throughout the .sequence, biostratigraphy is mainly 

based on fusulinids. Fine-grained clastic intervals contain abundant plant 

fossils, allowing a close corrélation with fluvial succession of the Eastern Alps 

(Stangnock Formation of the Gurkral Nappe). Fusulinids of the Garnie Alps 

show high similarity with those of the Russian Platform, Donets Basin and 

Predonets Trough, Southern UraJs and parricularly with Centra! Asia. 

Uppermost Moscovian, Ka.simovian, Gzhelian, lowermost As.selian, late 

As.selian, Sakmarian and Artin.skian équivalents are establishcd and précisé 

corrélation with srraroiype régions hâve been compleied. Fusulinid, cono- 

dont and plant fossil data well correspond with each other. 
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RESUME 

Facih et biostratigraphie de la sécjuence sédimentaire Carbonifère supérieur/ 

Permien inférieur dans les Alpes carniques (Autriche/Italie). La séquence 

Carbonifère supérieur/Permien inférieur dans les Alpes carniques 

(Autriche/Iralie) est constituée de plus de 2000 m de roches clastiques et car- 

bonatécs marines peu profondes. La succession recouvre en discordance le 

socle varisque plisse ci est subdivisée en la Formation Boinbaso, les Groupes 

Auernig, RaitcndorI et Trogkofcl. l.e.s Groupes Aucrnig et Ratendort sont 

caractérisés par des cycles clastiques et carbonatés produits pur des variations 

glacio-eusiaiiqucs (Gondw^ana). Les carbonates contiennent des fossiles abon¬ 

dants tour au long de la séquence, la biostratigraphie étant principalement 

fondée .sur les fii.sulines. Les intervalles cla.stiqucs lins contiennent de.s fossiles 

de plantes abondants, permertanr tine corrélation étroite avec la succession 

fluviatile des Alpes orientales (Formation Stangnock de la nappe de Gurkial). 

Les fusulines des Alpes carniques montrent de grande similarité avec celles de 

la plate-forme russe, bassins du Donetz et Predonetz, Oural du Sud et parti¬ 

culièrement Asie centrale. Des équivalents de la partie supérieure du 

Moscovicn, Kasimovien. Gzbélicn, de la partie inférieure de FAssélicn, de 

FAsscllen supérieur, du Sakmaricn et de TArtinskien ont pu être établis et 

une corrélation précise avec les région.s strarotypes a été accomplie. Les don¬ 

nées sur les fusulines. conodontes er plantes fossile.s correspondent bien les 

unes aux autres. 

INTRODUCTION 1981; Kahler 1983, 1985, 1986, 1989; Fritz et 

ai 1990; Venturini 1990; Krainer 1992, 1993 

In the Garnie Alps (soiithcrn Auscria/norchern and Forke 1995 for (urther information.s and 

Italy) rhe folded Variscan basement is unconfor- référencés). The présent paper gives a summary 

mably overlain by a thick .succession of shallow ofthe Late Carboniferous/Early Permian sequen- 

marine clastic and carbonate rocks of the Late ce wiih spécial einphasLs on ilte biostrarigraphy 

Carboniferous Bombaso Formation and Auernig and corrélation with other régions. 

Group and the Early Permian Raciendorf and 

Trogkofel Group (Fig. l). These rocks were 

deposited \n discrète basins tbrmed by block and FACIES 

wrench faulring subséquent to the Variscan oro- 

genic phase with ics climax during the BombasO FORMATION 
Westphalian. Classic ouicrops occur in the cen- l’he Bombaso Formation consisrs of poorly sorr- 

tral Garnie Alp-S along ihe Austrian/lralian border ed immature breccias and conglomérâtes which 

(Fig. 2). Sedimeniary rocks of ail formations, are cither predominanrly composed of radiola- 

particularly the carbonates, contain abundant rian chéri and volcanic dasts (Pramollo Member) 

fossils providing ihe basis for biostratigraphie or of Silurian to L>cvonian carbonate clasts 

subdivision and corrélation. Biostrarigraphy of (Malinfier Horizon). Thickness ranges from a 

the Late Paleozoic sequence in the Garnie Alps is few merers up to about 200 meters. The clasts 

mainly based on ftisulinids, although plant fossils are derived from the Variscan basement of the 

and conodonfs are of importance too. During uplifred Palcocarnic Chain. The succession of 

the last décades major progress has been achieved the Bombaso Formation gcnerally shows a fining 

concerning sedimentology, paleontology and bio- upward trend. Bioclasts of brachiopods, crinoids 

stratigraphy of this sequence (see Flügel 1980 a-b, and fusulinids are rarely présent indicating 

MOTS CLÉS 
Péri-Tcchys. 

Carbonifère supérieiir, 
Permien intérieur, 

Alpes carniques, 
faciès, 

biostratigraphie, 
fiisii  fines, 

conodontes, 
plantes fossiles. 
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Fig. 1. — Map showing the distribution of Late Carboniferous and Early Permian sedimentary rocks in the Garnie Alps (Austria/ltaly). 
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Fig. 2, — Siratigraphy of the Late Carboniferous and Early 
Permian strata h lhe Garnie Alps. 

déposition in a marine environment. These brec- 

cias and conglomérâtes are imerpreted as mass 

gravity flow deposits primarily deposlted on fan 

deltas, pardy subaerially, parrly submarine. 

AuERNfG Group 

The Bombaso Formation is overlain by the 

Auernig Group, which is up to 1.200 m thick 

and composed of Mclcdis-, PizzLil-, Corona-, 

Auernig- and Carnizza Fotmations according to 

Selli (1963) (F'ig. 2). The succession consista of 

cyclic clastic and carbonate rocks of a shallow 

marine environment. Meledis-, Corona- and 

Carnizza Fotmarion.s predominanviy consist of 

clastic sédiments, Pizzul- and Auernig 

Formation.s contain substantial quaiteiries of tbs- 

siliferous carbonate rocks. The main lichofacies 

types are a quartz-nch conglomeraïc of a near- 

shore environment, frequencly overlain by shale 

containing abundant and well-preserved mega- 

plant fossils, trough-crossbedded and hummocky 

crossbedded sandstone (shorefacc), biocurbated 

and locally fosslliferous siltscones and shalcs (off¬ 

shore) and fo.ssiliferou.s lime5tone.s containing 

calcareous algae {Anthracoporella spectah'Uis, 

Archacolhhophylhim fviswurkme» Epimastçpftm ̂

Eugofiophyllum), fusulinids, smali for.aminifers, 

echinoderms, brj'oïoans, Tubiphytesy spbincro- 

zoans, solicary corah and others. Massive limC' 

.stones represent algal mounds (u^nthracoporelk 

mciundsi Kfaincr 1995)  ̂in rhe Meledi.s 

Formation .small mounds formed of auloporid 

corals arc présent (Flügel & Krainer 1992). tn 

the upper part of the Auernig Group (Corona-, 

Auernig- and Carnizza Formations) these lithofe- 

cies types form prominent clastic-carbonate 

regressive-rransgressive cycles (“Auernig cyclo- 

themeii") wiih thicknesses of 10-40 m (Fig. 3). 

Wirhin these cycle.s conglomérâtes formed 

during relative sea-levcl lovvstands and fossilite- 

mus limcstonc vvas deposieed during pexiods of 

relative sea-level Iiighstands. The formation of 

these cycles is related to custatic sea-level changes 

caused hy Gondwanan glaciation (Massari & 

Vetuurini 1990; Krainer 1992, 1995). 

RATTENDtlRP GrOUP 

Fhe Ratrendorf Group comprises a succession ot 

shallow marine sédiments ot nearshore, inner 

shelf and outer shelf environntents. Fhe succes¬ 

sion is divided inro Lower Pseudoschwagerina 

Limesioue (LPL), Grcnzland Formation and 

Upper Pseudoschwagerina Limestone (UI^L)  

(Fig. 2). 

The LPI. is composed of ihrce dcposirional 

cycles consisting of shallow marine limcstones 

and thin intervals of clastic sédiments (Fig. 4). 

Clastic intervals form rhe ha.se o( the depositio- 

nal succession and were deposited during relative 

sea-level low.stands. During transgression well 

bedded fos.'îilîfcrous limcstones and massive algal 

mounds accumulated. Bedded cheru\' linie.srones 

with mari intercalations are imerpreted to hâve 

been deposited during relative sea-level high- 

swnds with water depths ot some ten.s ot meters. 

Fusulinid-rich limestone beds are présent in dii- 

ferent strangraphic levels, particiilarly at the base 

and on top of rhe cUsek intervals. Fusulinids ot 

these beds are considered as parautochthonous 

assemblages, accumulated during periods of low 
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Fig. 3. — Idealised “Auernig-Cyclothem” from the upper part of the Auernig Group in the Garnitzenberg-Kronalpe area, Garnie Alps. 

sédiment inpur (see Homann 1969; Flügel 1974, 
1977; Buggisch et al. 1976; Forke étal, in press). 
The Grenziand Formation is a cyclic succession, 
predominanrly composed of shallow marine clas- 
tic sédiments (quarcz-rich conglomcrarcv sand- 
stone and siltstone) and inteicalaced ihin 
fossiliferous carbonate intervals (Buttersack &c 

Boeckclmann 1984; Boeckelmann 1985). A 
caliche unit and a red shale unit wirh scattered 
angular quartz grains in the upper part of rhe 
succession indicate subaerial exposurc. Fusulinids 
were described from the rhin carbonate intercala- 
lions (Kahler dc Kahler 1937; Kahler 1985; 
Forke 1995). Plant fossils hâve been described 
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from a thin shale intercalation by Fritz & 

Boersnia (1984). 

The Uppei Pseiidoschwagerina Limestone is 

represelited by a cycHc succession composée! pre- 

dominancly pt dark-grey, thin bedded lossilifcrous 

limestoncs and iiuercalatcd thin intervais of'silt- 

and sandstoncs and flne-grained, well-rounded 

and well-surted quartz ricfi conglomérâtes. 

Limestones contatn abundani tossils» parcicularly 

calcareous al^e (FlomanO 1972), small loramini' 

fers (Flügel 1971), iusulinids, corals, bryozoan.s, 

brachiopods. gastropods. pelccypods and echino- 

derm fragments. Microlacies has bcen described 

by Flügel (1968) and Buctersack &: Boeckelrnann 

(1984). Cycles indicate repeated shifiing from 

nearshore to offshore cnvjronments in an open 

marine shelf-lagoon with normal water circula¬ 

tion (Flügel 1981). Compared to the LPL and 

Grenzland Formation che limestonçs are characte- 

rized by more divetse biota and microfacies types 

(Flügel 1971, 1981; Flügel étal. 1971). 

Trogkofel GroüI’ 
The Trogkofel Group is composed ol approxima- 

tely 400 m thick, predominantly massive, subor- 

dinately bedded limestones (Trogkofel limestone, 

Tressdorf limestone and Goggau limestone). The 

limestones were deposired in shallow, restricted 

and open marine shclf-lagoons with only 

minor bathymcirical différences. Tubiphytesf 

Archaeolithopmrlla build-ups composed o! sedi- 

ment-binding organisms llkc encrusting forami- 

nifers, phylinid algae, TuhiphytcSt Archaeo- 

lithoporella and bryozoans formed at the shelf 

edge (Flügel 1980a, b, 1981) Flügel & Flügel- 

Kahlet (1980) devscribed 46 species of calcareous 

algae, the fusulinid faupa is represented by 

70 species (Kahler & Kahler 1980). 

BIOSTRATIGRAPHY 

FUSULINiDS 
The flrst comprehensive paper on fusulinids 

from Late Paleozoic limestones ol chc Garnie 

Alps was presented by Schellwien (1898). From 

1932-1996 F. Kahler (till  1982 with his wife 

G. Kahler) intensively studied the fusulinid fau- 

Rq. 4. — Stratigraphie column oî the Lower Pseudoschwagerina 

Limestone (Rattendorf Group) from the north-western side of the 

Schulterkofei (type section). 

nas of the Bombaso Formation, Auernig, 

Rattendorf and Trogkofel Groups. The biostrati- 

graphie classification and subdivision of the Late 

648 GEODIVERSITAS • 1998 • 20(4) 
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Paleozoic sequence of the Garnie Alps is mainly 

based on rhe detailed investigation of fusulinids 

by R Kahlcr G. Ki^hlcr. Their data are publi- 

shed in numerous papers, summaries are given in 

Kahler (iy83i. 1985, 1986, 1989) Addirional 

data concerning fusuünid stratigrapliy hâve been 

contributed by Pasinî (1965, 1990) and reccntly 

by Forke (1995), korke et al. (in press) and 

Davydov (Davydov &C Krainer, in press). We use 

the sign * in cases of différence from original 

authors taxonomy 

Bomhaso Formation and Meledis Formation 

The oldest fusulinid fauna of rhe Garnie Alps is 

described from carbonate rocks on rop of the 

Bombaso Formation wesr of Zolinersee, consis- 

ringof Ozawahiella angalata, O. kumpani-Aw  ̂O. 

cl. rnosquenm, Fusulinclla colaniae msdorica, F. 

fluxa, Beedcina' ̂nytvica callosiU Fundinn (s.str,) 

fort issi ma, Qu nsi fui uli  n aides * m jn cbko vensh, 

QuasifusuUnoides'* cjuasifisulinoidcf and Quasi- 

fiisulinoides juvenatm (Kahler 1983). According 

to Kahler (1983), this fusulinid fauna corre.s- 

ponds to the FitsuUnella hocki zone of the Late 

Myachkovian ol the Rus.sian classification. 

Carbonate from the loweimost Meledis 

Formation ol the Auernig Group yicldcd a 

Fusulinellu, Fmulina and QuasifiJAilinaides launa 

ncar Waidegger Alm indicacing lowcrmost 

Kasimovian C^A, (Kahler 1986) and a 

Protriticites-LwiWis containing P. pmtdomontiparus 

SW of Zollnersee pointing to lowermosr 

Kasimovian A, (Kahlcr 1983). 

Recent investigation yielded a small tusulinid 

assemblage trom conglomérâtes of rhe Bombaso 

Formation ncar Straniger Alpe, composed ol 

Quasifnsulinoidvs quasifusulinuides, Q. fal/ax, 

Q. intermedùi, Protritii ites aoatus, P tf. uvoides. 

The composition of this assemblage is mosi simi- 

lar lo that from the Protriticites ovatus - 

Praeobsoletes Imrktnunsis zone in the stratotype 

section in the Moscow Basin and occurs only in 

the Peske^vskaya Formation of rhe Myachkovian 

Horizon of the Moscovian (Davydov 1997; 

Davydov & Krainer, in press). A sirnilar assem¬ 

blage was found near the top o( rhe Bombaso 

Formation west of Zolinersce and includes 

FusieUa bncetifonnis, Beedyirta consohrina, B. pes- 

kensis, B. pseudocylindrica, Fusulinella rara. 

Quasifusiilinoides pakhrensis, Q, pulchella, 

Protriticites ovatus. 

Carbonates from the basal Meledis Forinarion 

near Zolinersee and at Cima Val di Puarris 

contait! lasulinids of the Protriticites pseiidonion- 

îiparus zone in it.s lowcrmost part, and ol the 

Montiparus paramontipanis zone in the middie 

portion ol this formation. The Prolriticites p.seu- 

domontiparm zone is charactet ized by Protriticites 

globuliis, Pr. pseudotnontiparusy Pr. spbaericus, 

Pr. rotîindatîu, Pr. ovoides, Pr. lamellosus and 

Praeobsoletes burkemensis. 'Fhese species are cha- 

racteristic only in the Protriticites psendornontipa- 

rus - Obsolètes ohsoletus zone of the Russian 

Platform (Kreviaklan Horizon) and îiman- 

Pechora région, in the Urals, Donets Basin, 

Central Asia, Spiesbergen and in the Cantabrian 

Mountains (sce Davydov & Krainer, in press). 

The Montiparus parti montiparus subzone is cha- 

racterized by the occurrence of Praeobsoletes pdu- 

per, P, burkemensis. Obsolètes îimanicus, 

O. obsoletiii, Montiparus parainontiparus, 

M. unibonoplicûiHs, M. montiparus ̂A/, likharevi. 

Ad. rhonibiformis and M. prisciis, Adontiparus spe¬ 

cies found in the Garnie Alps are well-known 

from middlc Kasimovian strata ol the Russian 

Plarform (Khamovnicheskian), Timan-Pechora 

Basin, ihc Urals (upper pan ol the Orlovskyi 

Horizon), Ccnnal Asia, Spitsbergcn and the 

Cantabrian Mountains. In Central Asia and rhe 

Southern Urals the Montiparus montiparus zone 

is divided into two subzones: the M. pnramonti- 

parus subzone in the lower part and the M. suh- 

crdssulus subzone in the upper part. The 

assemblage recognized in the C^arnic Alps corres¬ 

ponds to vhe M. paramontipanis subzone (see dis¬ 

cussion by Dav)xlov 1k Krainer). 

It should be indicated that the représentatives of 

chc Praeobsolctes-Obsoletes lineage in the Garnie 

Alp.s appeâr later. In the Rus.sian Platform, the 

Urals, Donccs Basin and Central Asia l^aeob- 

solctes First appears in the uppermosc Myâch- 

küvian and rangCvS inro the lowcrmost Kasi¬ 

movian- Obsolètes firsr appears ar the base of rhe 

Kasimovian and is most characteristic for the 

Early Ka.simovian (Kreviakian). Only rarely 

Obsolètes ranges into the middie Kasimovian 

(Kahmovnicheskian). In the Garnie Alps, simi- 

larly with the Cantabrian Mountains and 
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Spitsbergen (Villa et al. 1992; Nilsson ôc 

Davydov 1993). the représentatives of che 

Praeobsoletes-Obsoletes lineage are rare. 

Praeobsoletes fîrsr appears only in the lowermost 

Kasimovian (Kreviakian) and Obsolètes First 

appears in the upperniost Kreviaidan or only in 

the Khamovnicheskian. 

In the very cop ol the Mcledis Formation in the 

RC section (RC-12b and RC-13) the following 

fusulinids vvcrc identified: Fer^anites ferganensis 

Miklukha-Maclay, Rauserites sp., and Raaserites 

(ScheUwien) (Fig. 5A'E). The lasrspecies 

in the Russian Piatform and the Urals characteri- 

se lowermost Gzhelian or Rechitskyi Florizon of 

the Russian Plariorm (Rosov-skaya 1958; 

Makhlina ti al. 1984; Davydov &!  Popov 1986). 

Fergmhes fvrgamnsis in Central Asia as wcll as in 

S. Urals characterises aiso early Gzhdian> an 

équivalent of Amerevskyi Horizon ol the Russian 

Piatform (Fig. 6) (Davydov de Popov 1986; 

Popov et al. 1989). \Ve suggest thac che very 

upper portion of che Melcdis Formation is early 

Gzhelian in âge (Fig. 6). 

Pizzul Formation, Corona Forrnatwny Auernig 

Formation and Carrnzza Formation 

According to Kahler (1 985) the Pizzul 

Formation (Untere kalkreiche Schichtgruppc) h 

characieri’zed by the occurrence ol the following 

fusulinid species: Tritidiei oryziformis, Rauserites' ̂

noinskyi plicatus: F>nixina nlpina vetusta, 

D. (s.strD, naviculaeforrnisy D. sakrna- 

rensis and Quadfiisulina eleganta. Récent studics 

of non-orienied thin-sections from the Pizzul 

Formation show dominance of a Schagonella and 

Daixina fauna. Because in Central Asia and Sou¬ 

thern Urals représentatives of the Daixina sokeri- 

sis group appear earlier thaii in ihc Russian 

Piatform. and because of the stratigraphie posi¬ 

tion ot the Pizzul Formation above the early 

Gzhelian and below che Orenburgian, we bclievc 

chat the Pizzul Formation bas to be an équivalent 

of the late Gzhelian (.v.rtr.). 

From a chin carbonate bed of che Corona 

Formation at Garnitzenbetg (Miitlere kalkarmc 

Schicbtgruppe) Kahler (1983) reported 

'PseudüfitsuUna multiseptata'\ Daixina alpina, D. 

ex gr. udrnirabilis and Schagonella spp. aIso werc 

recently identified by Davydov. The species 

Pseudafusulina multisepta originated from the 

Garnie Alps (SchelKvicn 1898)  ̂but for more 

then .sixty year.s was used in the licetarure as a 

Late Permian Parafusulina species, reported from 

many Tethyan régions. Uncil révision and solving 

of this taxonomical problcms wc use inverted 

commas tor thi.s species. 

In Darvas and in S. Urals Schagonella in general 

dominared in the middle Gzhelian. Daixina 

admirabilis originally was described from the 

Orenbufgian of che Urals (Zolocova et al 1978), 

but aLso wa.s reported from the lace Gzhelian 

(s.str,) of Darvas (Davydov 1986). Fusulinid data 

from Pizzul and Corona Formations do not 

constrain a spécifie âge. Rased on the .stratigra¬ 

phie position ot Piz/u! and Corona Formations 

ahove an équivalent of the early Gzhelian (Upper 

Melcdis) and below the Orenburgian Auernig 

Formation, the age of borh formations can be 

esrimated as late Gzhelian (s.str.) (Amerevskyi 

and Pavlovoposadskyi Horizons ot Russian 

Plarforni). 

The Auernig Formation (Obère kalkreiche 

Schichtgruppe) of Garniczenberg and Kronalpe 

conrains Baidtonia europaea\ Triticites schwageri- 

niformisy T. persiabilis\ DatximF alpimty 0.“^ corn- 

muni.u D,'^ nlpina fragilis, D."" devexa acaIlosa\ 

*l^eudofiisulina multisepatta^\ ^P. paraçonçiHna'y 

Dutheifitchia dastaremis, D.''kdTgalensu\ D.'ruz- 

ht'ncevF\ QuasifusîtlinU tenuissirmu Q. compacta y 

Q. knraivankensis, Q. haspiensisy Q. phnselusy 

Q. pseudoclottgatay Q. pseudolonga (Kahler 1983, 

1985). 

The Carnizza Formation (Obéré kalkarme 

Schichtgruppc) of Garniczenberg concains 

Daixina alpinu antit^ua - alpiua and the subspe- 

cies fragslis, and Dutkevitchia dastarensis. 

According to Kahler (1986, 1989) Pizzul 

Formation, Corona Formarion, Auernig 

Formation and Carnïz/a Formation are of 

Gzhelian age (Gzhelian E). 

Recent srudies in the Southern Urals, Donets 

Basin and in Central Asia (Darvas and Southern 
Fcrgana) showed rhar Boultonia enropaea and 

Dutkevitchia dastarensis firsr appear at rhe basal 

Orenburgian Daixina soke ns is (Davydov 

1984, 1992; Popov étal- 1989; Davydov et al. 

1993). Dutkevitchia ruzhenzevi aaid Dutkevitchia 

kargalensis everywhere first appear only in the 
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Fig. 5. — StratigraphicaKy significant fusulinids from the Meledis Formation (basal Auernig Group) and Lower Pseudoschwagerina 
Limestone (Raltendorf Group). A.Rauserites rosaicus (Scheliwien, 1908). langentlal section. RC'13-4- B. Rauserites sp.. oblique 
section, RC-13-4. C-£, Ferganites aff rerganens/s (Miklukho-Maclay. 1948): C.. axial section, RC-12b*9; D. langential section. RC- 
I2b-12: E. paraxial section, RC-12b-2. F, G, ScheHwienia bomemani (Leven ef Scherbovloh, 1978); F. axial section ot typîcal spéci¬ 
men. SK-157-4; G, axial section Of short specimen. SK-157-2. H. Zigaretla panjiansis (Leven et Scherbovich. 1978). axial section of 
typical specimen, SK-157-5.1, iikharevit  ̂inglorius (Bensh, 1962), axial section, SK-157-1. J-L, Schaliwienia bomemani (Leven et 
Scherbovich, 1978): J. axial section of specimen with small axial fillings, SK-157-12; K, axial section of typical specimen, SK-157-13; 
L axial section of short specimen, SK-157-9. Scale bar: 0,5 cm. 
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early Asselian, and wc believe chai chcir occur¬ 

rence in thc Orcnburgian Auemig Formation is 

misidencified. Therefore we place inverted com- 

mas with both of these species. The âge of 

Auernig and Carnizza Formations for now can be 

estimaccd as Orenburgiali (équivalent of 

Nogonskian of Russian Platform) (Fig. 6). 

Lower Psendosctnuagerina Limestone (Schulterkofel 

Formation) 

From chc uppermost part of the Lower 

Pseudoscbwagcrina Limestone near Rudnigalm 

Kahler (1985) described ihe lollowitig tusülinid 

species: Boultonia etiropaea\ Rugosofnmlbui aria- 

nica  ̂R. directa, R. latioraliu R. cf. pandae, 

R. praevia egregùu R, stabilh, R. stabilts longa\ 

Parascbwagerina cf. tinvenkiangi elongata. 

Occidentoschwagerina alplua and “Eozellta miha- 

ranoensis" UltradaLxhia ex gr. poslgallowiiyi). 

From Schulterkofel ICahlcr (1983) listed 

Boultonia eun/paea.. Ruzhenz^tdtes* parnsolidus\ 

Rugosoftistdina cf. pandar. R, serratu ̂R. likana, 

R. praevia znd RugosochusenelLP psatdogregaria. 

In a recenc paper Kahler àC Krainer (1993) des- 

cribed a fusulinid fauna composée! of about 

30 species from the upper part of ihç LPL ol ilie 

Schulterkofel section. Species of Triücites and 

Rugosofiistdina dominatc. wKcrcas chose of /are 

''Daixind’ {^-Schellwienia)  ̂Rugosochusenella and 

Ruzhenzevites occur. The Carbonilcrous/Permiau 

boLindary was drav^m at the firsr appearancc of 

'Pseiidoschwagerina^ and "Occidentoschwagerina 

alpina^' Ultradaixina) in the upper part of thc 

section. From our point of view, spécimens 

named as Pseudoschwagerina could not bc identi' 

fied even with genus name, bccausc in the tan- 

gential sections reported, thc juvenarium 

structure, which i.s most important for taxono- 

my, is not présent. 

According ro Forke et al. (in press) the lower part 

(depositionaJ Sequence 1) of lhe LPL in the 

Schulterkofel section, characicrized by thc occur¬ 

rence of Rttzhenzevites ferganensls and 

Ruzhenzevites parasolidus without species of the 

genus Ultradnixintty is corielated with the 

Sokensh zone. The overlying part (uppermost 

part of deposiriütial Sequence I up ïo the top of 

depositional Sequence 3) corresponds to the 

Bosbytauensis-Robusta zone. The C/P-boundary 

of Forke et al. lies near the base of thc overlying 

Grenzland Formation. 

Lhe following species were identifîed in recent 

scudies of LPL in the Schulterkofel section: in 

the very lower portion of LPL (TST of 

Sequence 1) We found Daixina sokensis, 

Si'hellwienia obîonga and Dutheintchia bmorpha. 

In the HS'l’ of Sequence l Ultradaixina postso- 

kensis and Sçhellwienin ulukensis and within 

Sequence 2, Sçheltwienia ulukensis and ZigareUa 

elegans wcrc idcncified. Most interesting data 

were retrieved from the top of Sequence 3, where 

Schwdgerina versabilc, Schellwienia bornernani, 

ZigareUa panjtensh and I.ikhnrevites ingloritis were 

iilentified (Fig. 5 F-L). 

To estimate thc age of thc LPL Formation we can 

indicate the following: in Southern Fcrgana and 

Darvas Ruzhenzcvires ferganensts firsr appears in 

che middie portion of an équivalent ol the 

Daixina sokensis zone (Davydov 1984; Popov et 

al. 1989). RHzhenzeviîes parasolidus is a more 

advanced specie.s and in Darvas ic first appears in 

the very top of thc Daixina sokensis zone and 

range.s higher. In Southern and Northern 

Fergana this species occurs in the Sclnvagerina 

robusui-Ultradaixina bosbytauensL zone and 

ranges higher into the A.sselian. Schellwienia idu- 

kensis in Central A.sia a.s wcll as in the Southern 

Lhals section occurs only in the Sclnvagerina 

rohusta-UlTradaixina bashyrauensis zone. 

Srhwagerina versahile in Darva.s and in chc 

Southern Lirais appears in the very top of the 

Schwagerina robusta-Ultrndciixina bosbytauensis 

zone, but is cliaracteriscic of the early Asselian. 

Schellwienia bornemani, ZigareUa panjiensfs and 

Likharevites ingtorius in Central A.s ta and rhe 

Southern Urals are known only from thc Asselian 

(Bensh 1962 ; Leven &. Scherbovich 1978; 

Davydov' 1984; Popov et ai 1989) (see corréla¬ 

tion chart,. Fig. 6). 

Based on ail this dara we can suggest ihe follo¬ 

wing. The TST (transgressive systcm.s tract; 

Fig. 4) of Sequence 1 of LPL can be correlated 

with thc uppermost part of rhe Daixina sokensis 

zone. The FfST (highstand Systems tract) of 

Sequence I can be correlated with the lower por¬ 

tion of the Schwagerina robusta-Ultradaixina bas- 

bytauensis zone or with the Ultradaixina 

postsokensis zone of rhe Southern Urals and 

652 GEODIVERSITAS • 1&98 • 20 (4) 



Late Carboniferous-Early Permian of Garnie Alps 

Darvas. Most part of Sequence 2 (except die 

HST) cortventionally caii be correlarcd with ihc 

middle portion of tlic Scbwagerina tobusta- 

Ultradaixina boshytauensis zone or with the 

Ultmdaixïna hosbytauvmh zone of the Southern 

lirais and Darvas. The HST of Scquence 2 and 

LSd' (lowstand .Systems tract) and TST of 

Sequence 3 should be corrclatcd with the upper 

ponion oi" ilie Schwagerina rolrmia-Ulhadaixina 

boshytanensh zone or with ihc Ultradaixina post- 

galloivayi zone of the Southern Urals and Darvas. 

The HS r of Sequence 3 very prohably is Early 

Asselian in âge. 'l’he last conclusion is bascd on 

the following: in Darvas, ihc Southern lirais and 

in the Doncts Basin ihc acmc-zone (maximum ot 

occurrences) for Ultradaixina is in the upper por¬ 

tion (but not uppermost) of the Schwagrrina 

robusta-Uliradaixina hosbytanensis zone. In the 

very upper portion of thi.s zone Ultradaixina is 

rare and perhaps exrincr, and absoliuely absent in 

the Asselian. Similarly in the Schulterkofel sec¬ 

tion the acme-zone for the Ultradaixina is rhe 

HST of Sequence 2 and the LST of Sequence 3. 

In the TST of Sequence 3 Ultradaixina is extre- 

mely rare and absolutely no Ultradaixina is pré¬ 

sent in the MST of Sequence 3. Srhellwtenia 

bornemani and Zigarella panjiensis originally were 

described from the middle Asselian of Darvas. In 

the Southern Urals they occur in the early- 

middle Asselian. Likharevhes inglnrins in Darvas, 

Northern fergana, rhe Southern Urals and 

Predonets Iiough was found in rhe early-middie 

Asselian (Bensh ]962t Leven àc Scherbovith 

1978; Davydov 1990; Davydov et ai 1993). So, 

occurrences of Schellivienia bornemani Zigarella 

panjiemis and LikharevUes inglorius suggest 

Asselian age for the HST of Sequence 3 of the 

Lower Pscudoschwagcrina Limestonc. 

Grenzland Formation 

From limestones of the Grenzland Formation at 

Rudnigsatiel Kahler (1985) reported the occur¬ 

rence of Qiiasifitsiilina cf. co}npacta ̂Q. eleganta, 

Q. kaspiensisy '^Darvaütes contractus'^y Zigarella 

pseudopointelh Spbaeroschwagerina carnioUca, 

Pseudoschwagerina extensa and Sphaeroscbwage- 

rina sphaerica, 

From the type section ncar Rattendorfer Alin, 

Kahler & Kahler (1937) described PseudoschwU' 

germa aequalis, Ps. extensa and Sphaeroschwa- 

gerina* confiniu from chc eastern side of 

Schulterkofel, Pseiidoscbwagerina turbida and 

Spbaeroschwagerina * carniolica. 

Ba.sed on the occurrence of Pseudoschimgerina 

aeqnalis. Spbaeroschwagerina* confinii and 

Spbaeroschwagerma*' carniolica Kahler (1986) 

dated the Grenzland Formation as middle 

Asselian. 

Forke (1993) described Sphaeroschwagerma glo- 

nierosa from the Grenzland Formation ncar 

Rtidnigsattel. 

Most of the species of Grenzland Formation, 

cxcept Quasifusulina species, are known from the 

roi ddle as well as from rhe lare Asselian. 

Sphaei-oschwagerina glomerosa indicates only late 

Asselian age. Base on this we can suggest middle- 

late Asselian age for the Grenzland Formation 

(see Fig. 6). 

Upper Pseudoschwagerina limestonc 

From ihe type section of the Upper 

Pseudoschwagerina Limestonc at Zottachkopf 

Kahler described the following fusulinid species: 

Boulionia willsiy Pscudofusiilina regularisy 

McCknidia* haydeni, Danmsites contractusy 

Scbwagerina " krtowi\ Pseudoschwagerina pulchray 

Biwaella inopinata and Rugosochusenella paragre- 

garia. 

Red limcstoncs ar Troghôhc and at point 2016 

(according co Kahler belonging co the Trogkofel 

Limesvunc. after Forke to the Upper 

P.scudo.5chwagcrina Limestonc) contaiii a lich 

fusulinid launa. Kahler (1983. 1985) reported 

the following species; Boultonia willsiy  

Quasifusulina nimiiiy Q. pseiidoelongata, Q. 

tenuissirna, Q. cf. kaspiensisy ChitsentlUt chent\ 

''Ch. chihsidmsis'\ "Ch. rahatei'\ Schwagerina* 

moellcriy Sthw.* paravonfusay EopUrafusulina'* 

" tschernyschewry Robustosehivagerina geyeriy 

R. schellwienù Paraschwagerina inflata longUy 

Spbaeroschwagerina * carniolkay S. * lauh S. * puP 

rhmy ZelHa heritschk Z< galatea. 

According to Forke (1995) the red limestones 

contain the following stratigraphically important 

species: ZelUa beritschi, Rohustoschwagerina 

schellwieniy R. geyeri Paraschwagerina inflatUy 

Scbwagerina moelleri Scbwagerina cf. verneuili 
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Fig. 6. — Corrélation chart for the Late Carboniferous and Early Permian. 
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and Pseudofusiilinoides pusillus. Forke (1995) 

dates the Upper Pseudoschwagerina Limesrone as 

Sakmarian [Robusioschwagerina geyeri zone and 

Zellia heritschï zone). 

Trogkofel Group 

After Kahler Kahler (1980) the fusulinid 

fauna of the Trogkolcl Group consists mainly of 

species of the gênera Triticites, Darvaskes, Pseudo- 

fusulmoides, Pseudofusidinit, “  Praepctntfiisulma , 

Pamirinu and MinojapUnella. They descrihed 

about seventy spedes. Stratigrapliically impor¬ 

tant index lossiJs arc Sctnmgerinn^' moelleru cha- 

racteristic for the lower part (Trogkofel 

limestone), "Pimtfimdina luttighir typical for the 

Tressdorl limestont*, and the ChaUtroschiva- 

germa'* ^«/^rftn-group togetliet with Pam'trina 

darvaska in the Goggau limesione. True parafu- 

suÜnids and Misellina species âre lâcking. 

Kahler (1986) dated the l'rogkofel limestone as 

Sakmarian ('fastubian-Stcilitamakian) due to the 

occurrence of Robusioscbufagerina scheUwieni and 

Pseudoschwagerina latw 'J’he- Ircssdttif limestone, 

containmg 'Praeparafusulifui lutugini^' h classi- 

fied as Early Arcinskian (Burchev), and the 

Goggaü limestone* which coniains Chalaro- 

schwagerina* vliIgaris -^nd Pamiriuai is dared as 

Late Artinskian (Irgin). According to Forke 

(1995) ihe Trogkofel limestone is Late 

Sakmarian to Early Artinskian in agc. 

It should bc noted, that Sakmarian and 

Artinskian iusulinids of the Urals can not occur 

in the lethyan section, as the Garnie Alps, 

because heginning in the early Sakmarian the 

Boréal province was completely isolated froni the 

Tethyan provinces. None Artir|skian fusulinid 

species ol rhe Urals are known Irom Tethys sédi¬ 

ments, but those listed, wc bclievc, are identified 

erroneoLisly. For this rcason “Praeparafustdina 

luttigini'’ inverted commas and indicates 

taxonomical misidentification. 

We cannot estimarc the âge of the Trogkofel 

limestone bused only on fusulinids for now. It 

could be Sakmarian as well as early Artinskian. 

Because the Goggau Limesione contai ns 

Chalaroschwagetina indgans and Pamirina darva- 

sica, which in Darvas characcerises the late 

Yakhtashian (Early Artinskian) (Leven et al. 

1992), we can conventionally estimate the âge of 

the Tressdorl limestone as early Artinskian 

(Fig. 6). 

The following problems for fusulinid biostrati- 

graphy should be addressed irnmediarely: 

— précisé lusulinid biostratigraphy of Pizzul, 

Corona, Auernig and Carnizza Formations; 

— complété characrerisric of C/P boundary beds 

and bercer criteria for rhe C/P boundary posi¬ 

tion; 

— âge of Gren/land Formation; 

— lasLilinid biostratigraphy and succession of the 

Irogkofel Limestone; 

— restudy ol the Tressdorl and Goggau Lime- 

stoncs. 

CONODONIb 

The occurrence of conodonts in Late Paleozoic 

carbonates of the Garnie Alps was first noted by 

Flügel et ai (1971) from the Rattendorf Group 

and Boeckelmann (1983) from the Auernig 

Group (discoveries of indivldual conodonr frag¬ 

ments, wfiich hâve no stratigraphie importance). 

Porke (1995) described a conodont fauna from 

red limestones ol the Lîpper Pseudoschwagerina 

Limestone. The conodont jauiia is coniposed of 

the following species; Atîhota.xis advena ̂

Hindeodus ndnulus, Mesogondolella cf. bissellu 

Diplognathodtis expuinsHs^. Swcetogiiatbus inorna- 

tm and Sweetagnaihus\d\. lohitei. 

In centra! and \ve;.tern L’SA S. tnormtus and 

S. aff whitei appear in the Late Wolfeampian. 

S'. Inornatus beJongs to the Sweetognathus whkei- 

Mesogondolella bissellf zone. In the Urals, 

Sweefognathus uiornntHs appears in the 

Sterlitamakian (Late Sakmarian) and ranges inco 

the A/finskian, !>weetognathHs lohitcixs known 

only in Akt.tstian (Early Artinsldan) (Chernyldi &  

Reshetkova 1987; Chernykh Chuvashov 

1993). Sweetognathus whitei In the Trogkofel 

Group is represented by incomplète atypical spé¬ 

cimens (identified with “affiniry’  signj. 1 hc 

appearance of Sweetognathus inornatus and S. alT. 

whitei cogether with Rohusîasrhwagerinü and 

Zellia, but without typical Artinskian hisulînid 

iaunas (Pamirina  ̂Chalaroschwagerina) in the 

Garnie Alps, indicates at this time Salcmarian agc. 

According to Forke (1995) the Upper Pseudo¬ 

schwagerina Limestone is of Sakmarian âge 
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(basecl on the occurrence of Rohustoschîvagerina 

geyeri awA Zellia heritschi). Forke (1995) in his 

paper presenrs corrélation charts of the 

Rattendorf and Tiogkofel Group wirli  sections 

from the Urals, Darvas, N-China, S-China, 

Japan and USA. 

FOSSIL FLORA 

Plant fossils were reported from the Bombaso 

Formation and Auernig Group more than 

100 years ago. Hofer scenis ro be the First who 

collectcd plant fossils in 1869 in the Monte 

Corona/KronaJpe and Casera For/Ofenalm area. 

The specimeas were determined and described 

by ünger (1869), the taphollora list contains 

19 taxa. 

The déterminations of Unger (1869) were later 

revised by Reichardi (1937) and Fritz & 

Boersma (1982). 

laphoflora lists from the Monte Corona section 

(Corona Formation) hâve been piiblished by 

Stache (1874), Scheliwien (1892), Frech (1894) 

and Gcyer (1897). 

From the localiries Cason di Lanza (?Meledis 

Formation) and Monte Pizzul (type locnlity for 

the Pizzul Formation.) plant fossils were descri¬ 

bed by Tonimasi (1889), Bozzi (1890) and 

Vinassa De Regny ëc Gortani (1905). 

Later, numerous new localiries of plant fossils 

within the Auernig Group were discovered by 

Kahler, Metz and orhers in the Auernig, Nassfcld 

and Schulterkofel areas. The planr fossils were 

described by Rcichardi (1933) and Kielhauser 

(1937), a first summary on ibc fos.sil tlora of the 

Auernig Group incUiding 25 taxa vvas given by 

Reichardr (1937) and Joiigmans (1938). 

Jongmans (J 938) classified the flora of iho 

Auernig Group as WestphaÜan D (= Rarly 

Stephanian) and Wcstphallan E (= Late 

Srephanian). Ue aiso pointed out that within the 

Auernig Group the .Schulterkofel flora repre.sents 

the youngest flora. 

Berger (I960) reported 30 taxa from new locali- 

ties, most of them within the Bombaso 

Formation and lowcrmosc part of the Auernig 

Group. He classiflcd the fossil flora as 

Wesrphalîan D. Planr fossils hâve also been des¬ 

cribed from several new intervals within the 

uppermost Corona-, Auernig- and Carnizza 

Formations. (Kahler et ai 1933; Kahler & Prey 

1963; Fenninger & Schonlaub 1972; Francavilla 

1974). 

Fritz & Boersma (since 1980) and Fritz & 

Kraincr (since 1993) systemarically investigated 

the fossil flora of the Bombaso formaticm and 

Auernig Group from more than 30 localiries. 

Plant füssil.s arc found in ail fomiations of the 

Auernig Group, from most localiries the strati¬ 

graphie position within the section is exactly 

known. 

From ail localiries 105 taxa are described 

(Eqtiisetophyra 26 taxa, Lycophyra 12 taxa, 

Filicophyia, Pteridospermae and Ptcridophylla 

57 taxa, Cordaitospermae 9 taxa; Coniferae 

1 taxon, sce Fritz et ni 1990; Fritz ëc Kraincr 

1993, 1994, 1995). 

From the Grenzland Formation the occurrence 

of plant fossils (no déterminations) has been 

nored by several auihors (Felscr et ai 1956; 

Felser ëe Kalder 1963; Kahler ë<: Prey 1963; 

Fliigel 1974), Herzog (1984) discovered a plant 

los.sil bcaring inierval and collectcd a flora which 

was determined and described by Fritz & 

Boersma (1984) and Fritz et uL (1990). So far 

known this locality is the only one within the 

Rattendorf Group and thus the youngest fossil 

flora of the Late Paleozoic sequence in the Garnie 

Alps. 

Flora of the Bomra.so Formation 

From ilif  Bomba.so Formation 3 localilies c'oniai- 

niiig plant fossils arc known (Tomritsch 1,2 and 

6). l'he loweimost locality ( Ibmrjtsch 6) is clia- 

racctrlzed by the occurrence of Sphenophyllum 

0 h la Ugifv l  i  U r>i, Linupteris ne u ro p te ro id es, 

Neuropterh ovittn^ Neuropteris stheucbzeti and 

oïhcrs (Fritz & Kraiiier 1995). According ro 

Wagner (1984) N. scheuchzeii is a guideform of 

the Cantabrian {Oduntopterls cantahrica zone). 

ThLs corrélation quiie prcciscly correspond.s with 

fu.sulinid data, which suggests for Cantabrian 

Uppermost Moscovian and Early Kasimovian âge 

(Ginkel 1971; Rauscr-Chernousova & 

Schcrbovich 1974). 

Fl OIL\ OF I HE Al 'EKNIti GrCHIF 

From the Auernig Group plant fossils are known 

from many horizons within ail formations. The 
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lowermost horizon containing plant fossils is 

from perhaps the basal part of the Meledis 

Formation (localities Tomritsch 3, Zollnersee 

and Straniger Alm). The (ossü assemblages of 

these localities arc characterized by the abundan- 

ce of Linopteris neuropteroulei, The presence ol^ 

Sphenophyllum angitstifolinm. S. oblongifoUumy 

Callipteridium ptei'idinm, Odoritopteris hrardiî 

and Pecupttrh species of rhe gtoup /? lirboreu't'nct 

-P. schlotlmmii indicaces Stephanian âge (early to 

middle Stephanian C according to the megaflora 

zonation of Wagner 1984). Howêver, there is a 

contradiction bcrween fusulinid and floral dating 

of the lowêr Meledis Formation. Bascd on fusuli' 

nids the lower Meledis Formation i.s Early to 

Middle Kasimovian in âge and .should corres¬ 

pond al leasi witb the upper portion of the 

Cantabrian. Stephanian A and perhaps 

Stephanian B (Wagner & Winkler-Prins 1985; 

Davydov 1990). Only the uppermosr Meledis 

Formation» which contains early G/helian fusuli- 

nids, could correspond wich Stephanian C. The 

âge of rhe Meledis Formation in the Tomritsch 3, 

Zollnersee and Straniger Alm localities should 

also be dated by fiisulinids 

The uppermost portion of the Aiïernig Group 

containing plant lossils lies within the upper part 

of the Carnizza Formation (Incaliiy 

Schulterkofel). From this localiiy Fritz & 

Boersma (1981, 1983) Fritz et ai (1990) dcscri- 

bed a flora composcd of 30 taxa, characterized by 

the occurrence of Callipteridium gigusy C. pteri- 

dium, Üdontopteris atpina, O. hrardiu Pecapteris 

feminaelormis and index fossils for Late 

Stephanian âge: Aphlebia ebmgnta, Pseudomario^ 

pteris bmquetit and Sphenophyllum alatifolium 

[Sphenophyllum angushfolium zone, Stephanian C 

according to Wagner 1984). 

Flora oi un. Grln/.i.ano Formai ion 

The flora ol the Grenzland Formation contains 

16 species including ylrti/y/Arr/Vr  sphenophylloides, 

A. stelLita, Sphenophyllum cf. angustifoliumi 

Callipterih confertn, OdouropTvris brardii, 

Pecopteris fimiuaefimnis and P schlotheimii, The 

occurrence of Callipteris conferta and Spheno- 

phyllîim cf angtistifoltum indicates Early Permian 

âge [Callipteris conferta zone according to 

Wagner 1984). 

Typical guideforms of the Lobatopteris lajnuriana 

zone (Barruelian) and Alethopteris zeilleri zone 

(Stephanian B) hâve not been discovered till  

now. 

According to the plant iossils chc Bombaso 

Formation is of Cantabrian âge. the Aucrnig 

Group contains typical guideforms of Stephanian 

C, and the Gren/Jand Formation is characterized 

by a flora of Early Permian age (sec Table Garnie 

AJps, this volume). Based on Doncts Basin data 

(Davydov 1990) Stephanian A corresponds to 

the mideile and perhaps part of late Kasimovian, 

Stephanian B corresponds to the late Kasimovian 

and Stephanian C to the most part of Gzhelian. 

Aiuunian begins from the Schwagcrnia robusta- 

Ultradaixiua bosbytauensis zone of the 

Orenburgian and also corresponds to rhe whole 

Assclian (Fig. 6). 

The florâ of the Bombaso Formation, Aucrnig 

Group, and Grenzland Formation is well dated 

by fusulinids. Fluvial sequences of the Eastern 

Alps (Stangnock Formation, Gurktal Nappe), 

which contain a similar assemblage of plant fos¬ 

sils ranging from the Odoutopteris canfahrica 

zone ro the Cilbpteris conferta zone, can be well 

correlated with the marine seqiience of the 

Garnie Alps (Bombaso Formation-Grenzland 

Formation). 
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